INTRODUCTION
Pathogenic leptospires of the genus Leptospira interrogans and saprophytic leptospires of the genus Leptospira biflexa are morphologically indistinguishable (14) . Apart from serological methods of cross-agglutinin absorption (6) and factor analysis (15) , restriction endonuclease analysis (REA) (18, 20) of chromosomal DNA has proved to be an accurate and reliable method of classifying and comparing pathogenic leptospires. Detailed characterisation of leptospiral isolates from a particular country or region is necessary for selecting representative screening antigens for use in epidemiological studies and research.
Reports of leptospirae isolation from animals and man in Nigeria are limited. Of thirteen leptospiral strains isolated from rodent and bovine kidneys by Diallo (5), only seven were identified to the serovar level. In the past, diagnosis of leptospirosis in man and animals was based on serological and microscopical evidence (16, 3, 7) .
The purpose of this study was to characterise the seven Nigerian leptospiral isolates using serological and biological tests.
MATERIALS AND METHODS

Source of isolates
Six leptospiral strains were isolated from the kidneys of cattle slaughtered at the Jos municipal abattoir. A seventh strain was isolated from the midstream urine of a butcher who was also serologically positive for leptospirosis.
Agglutination and cross-agglutinin absorption tests
The seven isolates were purified and grown in semi-solid and liquid EMJH medium (13) . When sufficient growth was achieved in the liquid medium, the isolates were tested in the microscopic agglutination test (MAT) (4) using selected rabbit group sera. Based on the MAT result, hyperimmune sera were prepared in rabbits using vv3JA representing five of the bovine isolates which reacted at high titres with the Pyrogenes serogroup and vvlJA representing the remaining two isolates which also reacted at high titres with Sejroe serogroup. All the isolates and the reference serovars of the Pyrogenes and Sejroe serogroups were tested against the hyperimmune antisera using a modification of the microscopic agglutination test. Cross-agglutinin absorption tests were carried out with all reference strains which showed some degree of serological relatedness to the isolates. Specific antisera against vv3JA and vvlJA were absorbed with reference serovars kwale and hardjo respectively. The absorbed antisera were again tested by the MAT in a doubling dilution series beginning at 1:100.
Histopathological studies
Groups of two 21-day-old Syrian hamsters were inoculated intraperitoneally with 0.5 ml of each isolate grown in serum-enriched EMJH semi-solid medium. Two other groups of hamsters were similarly inoculated with Leptospira pomona and Leptospira biflexa to serve as positive and negative controls. Cultures used as inocula contained approx. 2x 10 8 leptospires per ml. Blood was obtained at 0, 7, 14, and 21 days after inoculation from all the hamsters and tested for leptospiral agglutinins using homologous antigens by a modified MAT. The hamsters were observed daily for clinical signs of leptospirosis and killed 21 days after inoculation (24) . After removing the capsule, the kidneys were macerated and cultured in semi-solid EMJH. All the inoculated tubes were incubated at 30°C for 16 weeks and observed daily for evidence of growth by darkfield microscopy. Blocks of kidney and liver tissues from the hamsters were fixed in 10% formol saline for histopathological studies. Smears and cryostat sections of kidney and liver tissues were stained by haematoxylin and eosin (H & E) method (10).
Biological characteristics
Sensitivity to 8-azaguanine
Well grown cultures of the isolates and the controls were transferred to serumenriched EMJH containing 8-azaguanine at a concentration of 225 µg/ml. The inoculum used contained approximately 2x 10 6 leptospires/ml in each case and all the inoculated tubes were incubated at 30°C for seven days. Growth was measured with Coleman Unigalvo type 20 nephelometer (11).
Viability and growth at 13 °C
Cultures of the isolates containing 2x 10 6 leptospires/ml were used in inoculating serum-enriched EMJH medium. The inoculated tubes were incubated at 13°C for ten days. Viability and growth were assessed nephelometrically and the readings were converted to number of leptospires per ml (13) .
Effect of 1M NaCl
Active and viable cultures of the isolates containing approximately 1 X 10 2 leptospires/ml were inoculated into 1M sodium chloride and incubated at 30° C for two hours. All the cultures were examined under darkfield microscopy for the effect of the salt on the isolates and the controls (14) .
Resistance to normal fresh serum
The isolates were inoculated into duplicate tubes containing normal fresh and heatinactivated sera and incubated at 30°C for 30 minutes. Serum sensitivity was measured as the percentage survival of colony-forming units (c.f.u.) compared with the number of colony units recovered in the presence of heat-inactivated serum (1).
Restriction endonoclease analysis (REA)
Protocols for the isolation and characterisation of leptospiral DNA of bovine and human isolates were as described by other authors (18, 17) . After isolation, the DNA was digested with EcoRI digesting enzyme. Digested fragments were fractionated on 0.7% agarose gel stained with ethidium bromide and photographed through a Kodak 23A filter with U.V. irradiation.
RESULTS
Results of the microscopic agglutination test on bovine and human isolates are summarised in Tables I and II . Five of the bovine isolates reacted at high titres with serovars hamptoni and kwale. The sixth bovine isolate (vvlJA) and the human isolate (vv7JH) also reacted at high titres with serovars hardjo and sejroe. After crossabsorption with kwale and hardjo, all five bovine strains reacted only with vv3JA (Table III) while vvlJA and vv7JH reacted with the reference serovar hardjo (Table  IV) .
No clinical manifestation of leptospirosis was observed in any inoculated hamster. Specific antibody titres detected in the hamsters ranged from 0 to 1:100; there was no serological response in hamsters inoculated with biflexa and the human isolate vv7JH. No pathological gross lesions were present in liver and kidney tissues of the hamsters. Leptospires were recovered from kidney cultures of inoculated hamsters except those inoculated with biflexa and vv7JH. Histopathological examination revealed moderate congestion and aggregation of mononuclear cells around the tubules and blood vessels (Fig. 1) . Also moderate and diffuse degenerative changes 
FIG. 1 Moderate congestion and aggregation of mononuclear cells around kidney tubules and blood vessels
characterised by cloudy swelling and hydropic degeneration were evident in the liver section of all the hamsters except those inoculated with biflexa and vv7JH. With the exception of the human isolate, the biological characteristics of the other six isolates were similar to those of pathogenic leptospires (Table V) .
Restriction patterns of the five bovine isolates in the REA were identical, but different from those of other serovars within the Pyrogenes serogroup (Fig. 2) . The human isolate vv7JH differed from the reference Hardjoprajitno genotype in having an extra band, but the restriction patterns of bovine isolate vv1JA and the reference Hardjobovis genotype were identical (Fig. 3) .
DISCUSSION
The results of serological tests indicated that the seven isolates belonged to two distinct leptospiral serogroups. Although the five bovine isolates reacted at a high titre (1:25600) with serovars kwale and hamptoni, no titre to these reference serovars was detected after cross-absorption with kwale. This means that all five isolates 
Restriction endonuclease analysis (REA) patterns of hardjo reference genotypes and isolates digested with EcoRI
possessed an antigen absent from other members of the Pyrogenes serogroup, thus indicating the isolation of a new serovar in Nigeria. The absence of clinical manifestations in all the inoculated hamsters, including the positive control, was unexpected since newly weaned hamsters are the best animals for experimental leptospirosis (22) . In a similar experiment using guinea pigs, mice, voles and hamsters, no animal showed any febrile or clinical response to inoculation with leptospiral strains, although all species excreted leptospires in their urine (19) . The failure to recover the human strain may be due to low pathogenicity of serovar hardjo for laboratory animals (21).
The histopathological changes observed in kidney and liver sections from inoculated hamsters were not pathognomonic. Pronounced hyperaemia, haemorrhages, tubular degeneration, cast formation and inflammatory cell infiltration characteristic of leptospirosis (9) were absent, probably due to decreased virulence of isolates after several subcultures. Biological characteristics of all the bovine isolates were consistent with those of pathogenic leptospires (14) but the human isolate vv7JH possessed some characteristics of pathogenic and some of saprophytic leptospires.
A similar leptospiral strain, K6196, which had such dual characteristics was described by Cinco et al. (2) . Johnson and Muschel (12) found that two human strains of andamana possessed some physiological characteristics intermediate between saprophytes and pathogens.
The REA patterns clearly showed that five of the bovine isolates were identical but different from other serovars in the Pyrogenes serogroup. The extra band observed in the restriction pattern of vv7JH when compared with that of Hardjoprajitno genotype could be a result of genetic variation, although the genome of leptospires has been shown to be genetically stable (23) . However, similar antigenic variants had been reported in leptospires cultured from the blood of experimentally infected mice (25) , guinea pigs (26), puppies and pigs (8) .
Isolation of a possibly new serovar in the Pyrogenes serogroup and the two hardjo genotypes for the first time in Nigeria shows that the true prevalence of leptospirosis can only be ascertained after more leptospires have been isolated and identified. 
